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I NTKODUCTION 

C o n o c o ‘ s  e x p e r i e n c e  w i t h  t h e  g a s i f i c a t i o n  o f  P i t t s b u r g h  N o .  8 and  O h i o  
No. 9 c o a l s  i n  W e s t f i e l d ,  S c o t l a n d  h a s  s u g g e s t e d  t h a t  t h e  c o k i n g  p r o p e r t i e s  o f  
t h e s e  c o a l s ,  and o t h e r  E a s t e r n  U . S .  c o a l s  by i n f e r e n c e ,  u n d e r  i n c r e a s e d  p r e s s u r e  
a re  d i f f e r e n t  from t h o s e  n o r m a l l y  measu red  a t  o n e  a t m o s p h e r e .  

Convinced t h a t  t h e  i n i t i a l  c o a l - b a s e d  c o m m e r c i a l  s y n f u e l s  p l a n t s  i n  
t h e  U . S .  w i l l  be  g a s i f i c a t i o n  p l a n t s ,  Conoco h a s  i n v e s t e d  i n  t h e  equ ipmen t  
n e c e s s a r y  t o  c a r r y  ou t  t h i s  s t u d y .  

The work r e p o r t e d  h e r e i n  i n v o l v e s  t h c  o p e r a t i o n  o f  a p r e s s u r i z e d  c o k e r ,  
a p r e s s u r i z e d  Gieseler P l a s t o m e t e r  and a d e v i c e  f o r  m e a s u r i n g  t h e  P r e s s u r i z e d  
S w e l l i n g  I n d e x  ( P S I ) .  
p a r t i c u l a r l y  u s e f u l  i n  t h e  e v a l u a t i o n  o f  s a i d  c o a l s  f o r  u s e  i n  b o t h  d r y  and w e t  
bo t tomed  L u r g i  g a s i f i e r s .  

The r e s u l t s  o f  t e s t i n g  v a r i o u s  c o a l s  by t h e s e  me thods  a r e  

Seven  c o a l s ,  c o v e r i n g  a f a i r l y  wide r a n g e  o f  r a n k s  and  c h a r a c t e r i s t i c s ,  
were i n c l u d e d  i n  t h i s  work.  T h e s e  i n c l u d e d  t h r c e  E a s t e r n  U.S. b i t u m i n o u s  
c o a l s ,  EPHI-Champion and Wes t l and  from t h e  P i t t s b u r g h  No. 8 seam and Noble County 
from t h e  Oh io  N o .  9 seam. Also i n c l u d e d  w e r e  a n  I l l i n o i s  No. 6 b i t u m i n o u s  c o a l ,  
B u r n i n g  S t a r ,  a Wes te rn  U . S .  s u b b i t u m i n o u s  c o a l ,  Upper  H i a w a t h a ,  f rom Utah ,  a n d  
t w o  b i t u m i n o u s  c o a l s ,  F r a n c e s  and  R o s s i n g t o n  from t h e  U . K .  Four of t h e s e  coa l s ,  
EPRI-Champion, Nob le  Coun ty ,  F r a n c e s  and  R o s s i n g t o n  were a c t u a l l y  r u n  i n  the  
BGC/Lurgi s l a g g i n g  g a s i f i e r  d u r i n g  v a r i o u s  p r o g r a m s  i n  W e s t f i e l d ,  S c o t l a n d .  

EXPERIMENTAL 

Drum s i z e d  s a m p l e s  o f  e a c h  c o a l  were p r e p a r e d  f o r  t e s t i n g  by t h e  f l o w  
s h e e t  shown i n  F i g u r e  1. A l l  s a m p l e s  were s t o r e d  i n  s e a l e d  p l a s t i c  b a g s  u n t i l  
g round  f i n e r  t h a n  1/4” a f t e r  wh ich  t i m e  t h e y  were s a v e d  i n  a COO a t m o s p h e r e  i n  a 
d r y  i c e  c h e s t .  

The p a r t i n g  m a t e r i a l  o r  gob  from e a c h  c o a l  s ample  was saved  and s ized  
a s  needed f o r  e a c h  t e s t  where g o b  a d d i t i o n  w a s  c a l l e d  f o r .  S e v e r a l  o f  t h e  
s a m p l e s ,  a s  r e c e i v e d ,  c o n t a i n e d  n o  g o b ,  hence  w a s t e  m a t e r i a l  from a n o t h e r  mine  
i n  t h e  same seam o r ,  if  t h a t  was n o t  a v a i l a b l e ,  p a r t i n g  m a t e r i a l  f rom a s i m i l a r  
c o a l  s ample  was u s e d .  The f o l l o w i n g  gob  was used  w i t h  e a c h  c o a l  a s  l i s t e d  
below: 

Coa l  
EPRI 
Wes t l and  
Nob le  Coun ty  
B u r n i n g  S t a r  
F r a n c e s  
R o s s i n g t o n  
Upper  Hiawa tha ,  

- Gob 
We st l a n d  
West l a n d  
Egyp t  V a l l e y  - Ohio  No. 9 
H i l l s b o r o  - I l l i n o i s  No. 6 
None 
H i l l  s b o r o  
Upper  Hiawa tha  

- 
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The p rox i tna t e  and u l t i m a t e  a n a l y s e s  of t h e s e  C o a l s  a r e  g i v e n  i n  Tab le  1. 
A l s o  shown i n  t h i s  t a b l e  a r e  t h e  h e a t i n g  v a l u e s ,  ASTM G i e s e l e r  f l u i d i t y  and F ree  
S w e l l i n g  I n d e x  (FSI), t h e  H a r d g r o v e  g r i n d a b i l i t y  and a s t r e n g t h  i n d e x  fo r  e a c h  
c o a l .  T h e s e  r e p r e s e n t  t h e  n o r m a l l y  measu red  p h y s i c a l  and  c h e m i c a l  p r o p e r t i e s  of 
c o a l .  

The G i e s e l e r  f l u i d i t y  i n  DDPhl and t h e  F r e e  S w e l l i n g  I n d e x  (FSI)  
r e p o r t e d  i n  T a b l e  1 a r e  t h e  s t a n d a r d  ASl'hl t es t  v a l u e s  f o r  e a c h  c o a l .  

The r e l a t i v e  s t r e n g t h  o f  eac l i  coal was d e t e r m i n e d  by t h e  CCDC m i n i  
drum method which c o n s i s t s  o f  t u m b l i n g  3 10 g sample i n  a s p e c i a l l y  d e s i g n e d  8" 
d i a m e t e r  t u m b l e r  w i t h  t w o  l Y O o  opposed  i n t e r n a l  v a n e s .  A c o m p o s i t e  m i n i  drum 
i n d e x  was  c a l c u l a t e d  for  e a c h  coa l  which c a n  be used  t o  compare t h e  r e l a t i v e  
s t r e n g t h s  or c o a l s  a n d / o r  c o k e s .  
The same test  was used  t o  m e a s u r e  t h e  strengths o f  a l l  c o k e s  p r o d u c e d  i n  t h e  
p r e s s u r e  c o k e r  r u n s  d e s c r i b e d  l a t e r .  

The h i g h e r  the number t h e  s t r o n g e r  t h e  m a t e r i a l .  

The c o a l  s t r e n g t h s ,  r a n g i n g  from a low of  0.81 f o r  t h e  Nob le  Coun ty  
c o a l  t o  0 . 9 4  f o r  the F r a n c e s ,  a re  q u i t e  h i g h .  I n  a l m o s t  e v e r y  c a s e  t h e  s t r e n g t h  
of e a c h  c o a l  i s  g r e a t e r  t h a n  t h a t  o f  t h e  c o k e s  d e r i v e d  from them. 

The g r i n d a b i l i t y  numbers  a r e  c o n s i s t e n t  w i t h  t h e  s t r e n g t h  i n d i c e s  w i t h  
F r a n c e s  a t  3 8 . 6  beiJ lg  t h c  h a r d e s t  t o  g r i n d  and t h e  s t r o n g e s t  from a s t r e n g t h  indcx  
s t a n d p o i n t .  Based on t h e  g r i n d a b i l i t y  a l l  L h e  c o a l s  a r e  p h y s i c a l l y  rugged  and 
s h o u l d  p o s e  no p r o b l e m s  upon f e e d i n g  t o  a L u r g i  g a s i f i e r .  

P r e s s u r i z e d  Coa l  F l u i d i t y  S t u d i e s  

The  measurcment  o f  t h e  f l u i d i t y  o r  c o a l s  a s  t h e y  a r e  h e a t e d  t h r o u g h  
3 5 0  t o  5 0 0 " ~  has  b c e n  u f  s i g n i i i c a n t  b e n c i i t  t o  t h e  s tee l  i n d u s t r y  i n  p r e d i c t i n g  
t h e  p e r f o r m a n c e  of v a r i o u s  c o a l s  i n  s l o t  ovcns. The s t a n d a r d  method of d e t e r m i n -  
I ng coal  f l u i d i t y  i s  v i a  the Gieseler  plastomcLcr. T h i s  t e s l ,  n o r m a l l y  c a r r i e d  
o u t  a t  1 atni t o t a l  p re s su re  i n  a i r ,  c o n s i s t s  o f  a p p l y i n g  a c o n s t a n t  t o r q u e  t o  a 
r a b b l e  arm s t i r rer ,  packed  i n  a s a m p l e  o f  f i n e l y  ground c o a l ,  and m e a s u r i n g  t h e  
r a t e  ol' r o t a t i o n  o f  t h e  s t i r r e r  a s  t h e  sample i s  h e a t e d  a t  a c o n s t a n t  ra te  
( u s u a l l y  3°C/tnin) t h r o u g h  t h e  p l a s t i c  z o n e .  

I n  g e n e r a l ,  c o a l s  o f  h i g h e r  r a n k  ( e x c e p t  a n t h r a c i t e )  a r e  found  t o  be 
more f l u i d  by t h i s  test t h a n  t h o s e  of l o w e r  r a n k .  L i t t l e  i s  known, however ,  
a b o u t  t h e  f l u i d i t y  o f  c o a l s  a t  e l e v a t e d  p r e s s u r e s  and i n  g a s  a t m o s p h e r e s  o t h e r  
t h a n  a i r .  ( ' 1  ') 
where  r aw c o a l  i s  i n t r o d u c e d  a t  r a t h e r  h i g h  t e m p e r a t u r e s  and a t  e l e v a t e d  p r e s s u r e s  
o f  r e d u c i n g  g a s .  Hence,  t h e  work d e s c r i b e d  h e r e i n  was aimed a t  d e t e r m i n i n g  t h e  
e f f e c t  of  t h e s e  v a r l a b l e s ,  a s  w e l l  a s  h i g h e r  h e a t i n g  r a t e s ,  on  t h e  f l u i d i t i e s  of 
d i f f e r e n t  c o a l s .  T a b l e  2 l i s t s  t h e  p a r a m e t e r s  t e s t e d  i n  t h i s  work. 

T h i s  becomes o f  p a r t i c u l a r  i n t e r e s t  f o r  moving bed c o a l  g a s i f i e r s  

A p p a r a t u s :  

The b a s i c  equ ipmen t  u s e d  i n  t h i s  work h a s  b e e n  d e s c r i b e d  p r e v i o u s l y . ( ' )  
U o t h  t h e  h e a t i n g  r a t e  and t h e  t o r q u e  a r e  c o n t i n u o u s l y  v a r i a b l e  on t h i s  mach ine  
b e t w e e n  t h e  v a l u e s  o f  0 and 6°C/minu te  and 0 and 720 g . cm,  r e s p e c t i v e l y .  The 
v a r i a b l e  h e a t i n g  r a t e  p e r m i t s  e x a m i n a t i o n  01 t h e  e f f e c t  o f  t h i s  p a r a m e t e r  on 
c o a l  f l u i d i t y  w h e r e a s  no rma l  G i e s e l e r  o p e r a t i o n  i s  a t  a f i x e d  h e a t i n g  r a t e  o f  
3 'C/minute .  
100 g.cm p e r m i t s  measurement  of f l u i d i t i e s  f a r  i n  e x c e s s  of t h e  no rma l  30,000 
DDPhl maximum. 

The c a p a b i l i t y  of l o w e r i n g  t h e  t o r q u e  be low t h e  s t a n d a r d  v a l u e  of 
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P r o c e d u r e  : 

Hand p i c k e d  lunips o f  c o a l  were g round  i n  a i r  Lo -35  mesh and e i t h e r  
t e s t e d  i n m e d i a t e l y  or s t o r e d  i n  a C02 a t m o s p h e r e  i n  a d r y - i c e  c h e s t .  C o a l  
s a m p l e s  Of t h i s  k ind  a r e  i d e n t i f i e d  i n  t h i s  r e p o r t  a s  " c l e a n  c o a l " .  When 
s p e c i f i e d  by t h e  p rogram,  " c l e a n "  c o a l  s a m p l e s  were doped  w i t h  gob  g round  t o  -35 
mesh. F r a n c e s  c o a l  was n o t  doped d u e  t o  t h e  c l e a n  n a t u r e  o f  t h i s  seam. Tar was 
added  t o  t h e  c o a l  and  gob  m i x t u r e  a s  a s o l u t i o n  i n  t o l u e n e .  The c o a l - g o b - t a r  
s l u r r y  was t h e n  p l a c e d  i n  a vacuum oven  and  t h e  t o l u e n e  was e v a p o r a t e d  a t  a b o u t  5OOC. 

i\ m o d i f i e d  ASThl D-2639-71. " S t a n d a r d  hlethod of  T e s t  f o r  P l a s t i c  
P r o p e r t i e s  of  Coa l  by the C o n s t a n t - T o r q u c  G i e s c l e r  P l a s t o m e t e r "  was employed .  
As opposed t o  t h e  ASThl s t a n d a r d  me thod ,  t h c  i n a j o r i t y  of t h e  r u n s  i n  t h i s  s t u d y  
were done  a t  a h e a t i n g  r a t e  o f  G°C/minute and  o n l y  one f o r  e a c h  c o a l  was made a t  
the s t a n d a r d  r a t c  o f  3VC/ni inute .  Also ,  t h c  s t a n d a r d  t o r q u e  of 1 . 4 0  o z - i n  
(100 gm-cm) was u s e d  o n l y  when t h e  ~naximum f l u i d i t y  of  t h e  c o a l  i n  q u e s t i o n  was 
w i t h i n  t h e  r a n g c  of Llie a p p a r a t u s ,  i . e . ,  0-28,000 DDmI. I n  t h e  c a s e s  where  t h e  
c o a l  f l u i d i t y  exceeded  t h e  o p e r a t i n g  r a n g e  o f  t tic i n s t r u m e n t ,  " l o w "  t o r q u e s ,  i . e . ,  
0 . 4 5  o z - i n c h  ( 3 2 . 4  g-cm) or 0.26 o z - i n c h  (18.7 g - e n d ,  w e r e  employed and  t h e  
r e s u l t s  were c o r r e c t e d  by f a c t o r s  o f  3.1 or 5 . 4 ,  which  a r e  t h e  r a t i o s  of  t h e  
s t a n d a r d  t o r q u e  and  Lhe l o w e r  t o r q u e s ,  (1 .4 /0 .45  and 1 . 4 / 0 . 2 6 ) ,  r e s p e c t i v e l y .  A 
c o n s i d e r a b l e  d e g r e e  of u n c e r t a i n t y  may b e  a s s o c i a t e d  w i t h  t h e  n u m e r i c a l  v a l u e  of 
t h e  h i g h  t o r q u e / l o w  t o r q u e  c o r r e c t i o n  f a c t o r .  
i s  t h e o r e t i c a l l y  c o r r e c t  f o r  Newtonian f l u i d s .  l lowever ,  s i n c e  e a c h  c o a l  i n  i t s  
p l a s t i c  s t a t e  limy d e v i a t e  from Newtonian b e h a v i o r  t o  a d i f f e r e n t  d e g r e e ,  t h e  
v a l u e s  of 3.1. or 5 . 4  may o n l y  b e  c o n s i d e r e d  t o  b e  a p p r o x i m a t i o n s  t o  t h e  t r u e  
v a l u e s .  

The a c t u a l  r a t i o  of t h e  t o r q u e s  

When t h e  L e s t  was t o  be p e r f o r m e d  i n  a g a s  m i x t u r e  c o n t a i n i n g  18  or  
3 1 . 5  v o l  4 H2 a t  a t o t a l  p r e s s u r e  of 3 5 0  p s i g ,  t h e  p r e s s u r e  v e s s e l  c o n t a i n i n g  t h e  
p l a s t o m e t e r  was e v a c u a t e d  and  t h e n  p r e s s u r l z e d  w i t h  h y d r o g e n  t o  51 p s i g  and  100 
~ p s i g ,  r e s p e c t i v e l y .  The hydrogen  was t h e n  d i l u t e d  t o  t h e  d e s i r e d  d e g r e e  by 
p r e s s u r i z i n g  t h e  v e s s e l  up t o  350  p s i g  w i t h  p r e p u r i f i c d  n i t r o g e n .  The r e m a i n d e r  
o f  t h e  r u n s  were c a r r i e d  o u t  i n  a p r e p u r i f i e d  n i t r o g e n  a t m o s p h e r e  or  i n  a i r .  

R e s u l t s  aiid D i s c u s s i o n :  

T a b l e s  3 t h r o u g h  (; show t h e  c f l c c t s  O C  t h e  s t u d i e d  v a r i a b l e s ,  i . e . ,  
o f  t h e  l i e n l i n g  r a t e ,  c a s  c o m p o s i t i o n ,  gob c o n t e n t ,  t a r  c o n t e n t ,  and n i t r o g e n  
p r e s s u r e ,  on t h e  f l u i d i t y  01 t h e  c o a l s  s t u d i e d .  F i g u r e s  2 t h r o u g h  6 a r e  
g r n p h i c a l  r e p r e s e n t a t i o n s  o f  t h e  d a t a  o b t a i n e d  011 t h e  f l u i d i t i e s  of  t h e  s e v e n  
coals i t i  t h i s  p rog ram.  

The f o l l o w i n g  c o n c l u s i o n s  may be drawn f rom t h e s e  d a t a :  

1. In  a l l  c a s e s ,  a n  i n c r e a s e  i n  t h e  h e a t i n g  r a t e  r e s u l t e d  i n  
s u b s t a n t i a l l y  i n c r e a s e d  f l u i d i t y  ( F i g u r e s  2 and 3 ) .  T h i s  e f f e c t  
i s  d i r e c t l y  c o m p a r a b l e  t o  and i n  c o m p l e t e  a g r e e m e n t  w i t h  t h a t  
o b s e r v e d  by Van K r e v e l e n ,  e t . a l .  (3) 

2 .  In  all c a s e s ,  e x c e p t  t h a t  o f  F r a n c e s  and Upper Hiawa tha  c o a l s ,  t h e  
f l u i d i t y  o f  t h e  c o a l  i s  m o d e r a t e l y  s e n s i t i v e  t o  hydrogen  p a r t i a l  
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p r e s s u r e  a t  350 p s i g  t o t a l  p r e s s u r e  ( F i g u r e  I). 
t h e  v a r i a b l e s  - e x c e p t  t h e  h e a t i n g  r a t e  - on t h e  f l u i d i t y  of F r a n c e s  
and Upper Hiawa tha  coal  i s  s o  s m a l l  t h a t  t h e s e  c o a l s  may b e  c o n s i d e r e d  
non- f l u i d .  

The e f f e c t s  of a l l  

3. The o b s e r v e d  e f f e c t  o f  a n  i n c r e a s e  i.n f l u i d i t y  w i t h  a n  i n c r e a s e  i n  
t o t a l ,  or  n i t r o g e n  p r e s s u r e ,  T a b l e  6 ,  i s  c o n s i s t e n t  w i t h  work done  
p r e v i o u s l y  on  o t h e r  c o a l s ( " 2 )  i n  t h i s  p r e s s u r e  r a n g e .  

4 ,  I n c r e a s i n g  t h e  g o b  c o n t e n t  i n  a l l  c o a l s  r educed  t h e  f l u i d i t y  i n  a l l  
c a s e s .  F r a n c e s  coal  w a s  n o t  s u b j e c t  t o  t h i s  t y p e  o f  t e s t .  

5.  The a d d i t i o n  of 4 w t  % of P i t t s b u r g h  No. 8 d e r i v e d  t a r  s i g n i f i c a n t l y  
i n c r e a s e d  t h e  f l u i d i t y  of  a l l  c o a l s  e x c e p t  t h e  F r a n c e s  and Upper 
Hiawa tha .  

The r e s u l t s  o f  t h i s  work on t h e  e f f e c t  o f  b o t h  to t .a l  p r e s s u r e  and 
l iydrogen p a r t i a l  p r e s s u r e ,  q u a l i t a t i v e l y  s u p p o r t  t h e  c o n c l u s i o n  o f  L e w e l l e n ,  ( I )  
however ,  t h e  a v a i l a b l e  d a t a  are  i n s u f f i c i e n t  t o  q u a n t i t a t i v e l y  test  t h i s  model .  
To  f u l l y  test  t h i s  model would r e q u i r e  a much w i d e r  r a n g e  of  b o t h  p r e s s u r e s  
(10-2-10t3 atm) and h e a t i n g  r a t e s  ( u p  t o  104'C/min) t h a n  i s  c u r r e n t l y  p o s s i b l e .  

The q u a l i t a t i v e  c o r r e l a t i o n s  of t h e  f l u i d i t y  w i t h  t h e  e x p e r i m e n t a l  
p a r a m e t e r s ,  a s  d i s c u s s e d  a b o v e ,  s u g g e s t  t h a t  w i t h  a d d i t i o n a l  d a t a ,  e s p e c i a l l y  
f rom work o n  o t h e r  c o a l s ,  a m e a n i n g f u l  p r e d i c t i v e  c o r r e l a t i o n  o f  t h e s e  d a t a  may 
e v e n t u a l l y  b e  p o s s i b l e .  I n i t i a l  a t t e m p t s  t o  c o r r e l a t e  t h e  o b s e r v e d  f l u i d i t y  
d a t a  w i t h  v a r i o u s  p h y s i c a l  and c h e m i c a l  p r o p e r t i e s  have  been  e n c o u r a g i n g .  T h e r e  
i s  s t r o n g  e v i d e n c e  which s u g g e s t s  t h a t  w i t h  d a t a  from s e v e r a l  a d d i t i o n a l  c o a l s  a 
c o r r e l a t i o n  of f l u i d i t y  w i t h  v a r i o u s  p e t r o g r a p h i c  f e a t u r e s  may b e  o b t a i n e d .  

P r e s s u r i z e d  S w e l l i n g  I n d e x  

'The f r e e  s w e l l i n g  i n d e x ,  FSI ,  o f  c o a l  a s  d e f i n e d  by t h e  AS'I'h!(5) i s  
a n o t h e r  v a l u n b l e  tool o f  t h e  s t e e l  i n d u s t r y .  'I'Iiis L e s t  c o n s i s t s  of r a p i d l y  
h e a t i n g  a f i n e l y  g round  c o a l  s ample  t o  abou t  800'C and o b s e r v i n g  t h e  d e g r e e  t o  
which  t h e  c o a l  c a k e s  and swells. T h i s  t e s t ,  a s  i n  t h e  c a s e  o f  s t a n d a r d  G i e s e l e r  
work ,  i s  c a r r i e d  o u t  a t  one  a t m o s p h e r e  i n  a i r .  The v a l u e s  f o r  t h e  ASTM FS1.s  
f o r  e a c h  c o a l  a r e  g i v e n  i n  T a b l e  1. F o r  t h e  p r e s e n t  work it was b e l i e v e d  t h a t  a 
s i m i l a r  tes t  u n d e r  s i m u l a t e d  g a s i f i e r  c o n d i t i o n s  migh t  be o f  v a l u e  i n  p r e d i c t i n g  
t h e  b e h a v i o r  o f  c o a l s  a s  f e d  t o  a moving bed g a s i f i e r .  

While  t h e  p r e s s u r i z e d  s w e l l i n g  t e s t s  c a r r i e d  o u t  i n  t h i s  work a r e  a s  
c l o s e  t o  t h e  ASThl s t a n d a r d  method a s  p o s s i b l e ,  one  m a j o r  d i f f e r e n c e  was u n a v o i d a b l e .  
Due t o  t h e  use o f  e l e v a t e d  p r e s s u r e s  t h e  h e a l i n g  r a t e  o f  t h i s  t es t  i s  n o t  t h e  
same a s  c h a t  p r e s c r i b e d  by t h e  ASTM s t a n d a r d  F u r t h e r m o r e ,  t h e  h e a t i n g  
r a t e  a t  each  t e s t  c o n d i t i o n  was s l i g h t l y  d i f f e r e n t  d u e  t o  t h e  d i f f e r e n c e  i n  
p r e s s u r e  and t h e r m a l  c o n d u c t i v i t y  o f  t h e  g a s e s  u s e d .  The h e a t i n g  r a t e  was ,  
however .  t h e  same f o r  e a c h  c o a l  a t  t h e  same tesL c o n d i t i o n  and c o n c l u s i o n s  d rawn  
from s u c h  c o m p a r i s o n s  s h o u l d  b e  v a l i d .  

t h e  CCDC p r e s s u r i z e d  s w e l l i n g  i n d e x  (PSI) t es t  a r e  s i g n i f i c a n t l y  l ess  vo luminous  
t h a n  t h o s e  of t h e  ASTM tes t .  

111 g e n e r a l  t h e  c o k e  b u t t o n s  p roduced  i n  



A p p a r a t u s :  

The equ ipmen t  f o r  t h i s  t e s t ,  a s  shown s c h e m a t i c a l l y  i n  F i g u r e  7 ,  
c o n s i s t s  of a n  e l e c t r i c a l l y  h e a t e d  s t e e l  c o r e  e n c l o s e d  i n  a p r e s s u r e  s h e l l .  A 
sample  c r u c i b l e  h o l d e r  a s sembly  i s  a t t a c h e d  t o  a 1/4" l i f t i n g  rod which p a s s e s  
t h r o u g h  a p a c k i n g  g l a n d  a t  t h e  t o p  o f  t h e  v e s s e l .  S t r a t e g i c a l l y  l o c a t e d  
t h e r m o c o u p l e s  p e r m i t  c o n t i n u o u s  m o n i t o r i n g  o f  t h e  c o r e  and c r u c i b l e  t . e m p e r a t u r c .  

P r o c e d u r e :  

A 1.00 gm sample o f  c o a l ,  ground t o  -60 mesh, w a s  p l a c e d  i n  t h e  t e s t  
c r u c i b l e ,  c o v e r e d  w i t h  a l i d  and p o s i t i o n e d  i n  t h e  h o l d e r .  The  v e s s e l  w a s  t h e n  
c l o s e d ,  s e a l e d  and e v a c u a t e d  i n  o r d e r  t o  d i s p l a c e  a i r  and  t h e n  f l o o d e d  o r  
p r e s s u r i z e d  w i t h  t h e  d e s i r e d  g a s .  A f t e r  t h e  r e q u i r e d  p r e s s u r e  w a s  a t t a i n e d ,  t h e  
l i f t i n g  rod w i t h  t h e  h o l d e r  and t h e  c r u c i b l e  was pushed  down o n t o  t h e  c o r e  
s u r f a c e  which had p r e v i o u s l y  bccn e q u i l i b r a t e d  a t  1500° 5 O F .  T e m p e r a t u r e s  of  
t h e  Corc  were r e c o r d e d  e v e r y  20 s e c o n d s  b e g i n n i n g  w i t h  t h e  time when t h e  c r u c i b l e  
r e a c h e d  t h e  c o r e .  The c r u c i b l e  was l i f t e d  a f t e r  5 m i n u t e s ,  t h e  a p p a r a t u s  w a s  
d e p r e s s u r i z e d ,  p u r g e d  w i t h  n i t r o g e n  and t h e  c r u c i b l e  was removed. The c o k e  
h u t t o n  was c a r e f u l l y  t a k e n  from I h e  c r u c i b l e  and we ighed .  The p o r e s  i n  t h e  
b u t t o n  were p lugged  by d i p p i n g  i n  m o l t e n  p a r a f f i n  and t h e  volume was measured b y  
w a t e r  d i s p l a c e m e n t .  The s w e l l i n g  i n d e x  was d e f i n e d  a s  t h e  b u t t o n  volume i n  
m i l l i l i t e r s .  For  c o m p a r i s o n  p u r p o s e s ,  t h e  ASTM FSI p r o f i l e  number i s  v e r y  n e a r l y  
t h e  b u t t o n  volume i n  m l .  Each  e x p e r i m e n t  was r e p e a t e d  4 t o  5 t i m e s  d u e  t o  t h e  
v a r i a b i l i t y  i n  t h e  h u t t o n  volume,  and t h e  v a l u e  r e p o r t e d  f o r  e a c h  i s  t h e  a v e r a g e  
of a l l  r u n s .  Norma l ly  t h e  s t a n d a r d  d e v i a t i o n  o f  t h i s  a v e r a g e  was l e s s  t h a n  f lo$. 

T e m p e r a t u r e  p r o f i l e s  were measured i n  o r d e r  t o  a s c e r t a i n  t h a t  t h e  
s a m p l e s  were s u b J e c t  t o  c o m p a r a b l e  h e a t i n g  r a t e s .  The  i n i t i a l  h e a t i n g  ra tes  are  
q u i t e  h i g h  (1000-1200°F/min) and t h e  t e m p e r a t u r e  s t a b i l i z e s  a f t e r  3 m i n u t e s .  
h e a t i n g  r a t e  i n  b o t h  hydrogen  and n i t r o g e n  i s  n e a r l y  t h e  same. 

The 

Expe r iment  a 1 R e  su 1 t s : 

Each  o f  t h e  s e v e n  c o a l s  i n  t h e  p rogram was t e s t e d  by t h i s  method.  T a r  
o b t a i n e d  d u r i n g  o p e r a t i o n  o f  t h e  W e s t f i e l d  g a s i f i e r  w i t h  P i t t s b u r g h  No. 8 c o a l  
was used  f o r  t h e  t a r  a d d i t i o n  e x p e r i m e n t s  w i t h  a l l  t e s t e d  c o a l s .  

The c o a l s  and t h e i r  m i x t u r e s  w i t h  gob  and t a r  were t e s t e d  a t  t h e  
c o n d i t i o n s  shown i n  T a b l e  7. 

T a b l e  8 shows t h e  e f f e c t s  o f  t h e  sample c o m p o s i t i o n  on t h e  s w e l l i n g  o f  
d i f f e r e n t  coals  a t  365 p s i a  t o t a l  and 115 p s i a  hydrogen  p a r t i a l  p r e s s u r e .  
F i g u r e  8 i s  a g r a p h i c a l  r e p r e s e n t a t i o n  o f  t h e s e  r e s u l t s .  

The e x p e r i m e n t a l  r e s u l t s  l e a d  t o  t h e  f o l l o w i n g  c o n c l u s i o n s :  

1. T h e r e  i s  l i t t l e  d i f f e r e n c e  be tween  t h e  s w e l l i n g  p r o p e r t i e s  of t h e  
Nob le  C o u n t y ,  Oh io  N O .  9 c o a l  and t h e  t w o  P i t t s b u r g h  seam c o a l s ,  
EPRI-Champion and \Ves t l and ,  a t  t h e  t e s t  c o n d i t i o n s ,  i . e . ,  a t  
1500' j: 5 " F ,  350 p s i g  t o t a l  p r e s s u r e  and  115 p s i a  hydrogen  p a r t i a l  
p r e s s u r e .  'This  i s  i n  marlicd C o n t r a s L  t o  t h e  1 atm ASTU FSI d a t a  
( T a b l e  1) where t h e  two P i t t s b u r g h  Seam c o a l s  have FSI v a l u e s  of  7 
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w h i l e  t h e  Oh io  N o .  9 h a s  a n  FSI o f  o n l y  4 !  The B u r n i n g  S t a r -  
I l l i n o i s  No. F c o k e  b u t t o n s  and  t h o s e  made o f  R o s s i n g t o n  c o a l  wcre 
c o n s i d e r a b l y  l ess  v o l u m i n o u s  l h a n  those  o l  the EPitI c o a l .  F r a n c e s  
and Upper  Hiawatha c o a l s  a r e  v i r t u a l l y  non s w e l l i n g .  

W i t h  t h e  e x c e p t i o n  o f  t h e  Noble County c o a l ,  
p r e s s u r i z e d  s w e l l i n g  i n d e x  v a l u e s  i s  t h e  same a s  t h a t  of  t h e  AS111 
FSI v a l u e s .  Thc a p p a r e n t  g r e a t e r  e f f e c t  01 g a s i f i e r  c o n d i 1 . i o n s  on 
t h e  Oh io  No. 9 c o a l  t h a n  on t h e  P i t t s h u r g h  No. E c o a l s  may h e l p  
e x p l a i n  some o f  t h e  u n e x p e c t e d  o p e r a t i n g  d i f f i c u l t i e s  wh ich  o c c u r r e d  
when t h c  Noble Coun ty  c o a l  was f e d  t o  t h e  I3GC/Lurgi S l a g g i n g  g a s i f i e r  
i n  t h e  DOE s p o n s o r c d  W e s t f i e l d  t r i a l s .  The o b s e r v e d  d i f f e r c n c c s  i n  
t he  c a k i n g  and s w e l l i n g  of  t h e  O h i o  N o .  9 c o a l  a t  W e s t f i e l d  v e r s u s  
those p r e d i c t e d  by s t a n d a r d  ASThl t e s t s  was o n e  key f a c t o r  wh ich  
e v e n t u a l l y  l e d  t o  t h e  p r e s e n t  CCDC f e e d s t o c k  e v a l u a t i o n  p rogram.  

I t  i s  i n t e r e s t i n g  t h a t  i n c r e a s e d  hydrogen  p r e s s u r c  and 1 . o L : i l  
pres su re  h a s  a l a r g e r  r e l a t i v e  e f f e c t  on Lhc s w e l l i n g  o f  t h c  Noblc 
Coun ty  coal  t h a n  on  i t s  f l u i d i t y .  The i n c r e a s e  i n  t h e  f l u i d i t y  o f  
t h i s  c o a l  i s  i n c r e a s e d  b y  g a s i f i e r  c o n d i t i o n s  by a b o u t  t h e  sanic 
f a c t o r  a s  a re  t h e  t w o  P i t t s b u r g h  seam c o a l s .  

t h c  o r d e r  o f  t l l e  

2 .  Dop ing  w i t h  gob  s i g n i f i c a n t l y  r e d u c e s  t h e  s w c l l i n g  o f  a l l  t h e  c o a l s  
t e s t e d  e x c e p t  t h e  i n a c t i v e  Uppcr Hiawathn coal  w h e r e  t h e  gob 
a d d i t i o n  had no e f f e c t .  T h i s  o b s e r v c d  e f f e c t  i s  e s s e n t i a l l y  t h a t  
e x p e c t e d  from t h e  d i l r t c n l  c l f c c t  of t h e  i n e r t  gob. 

3 .  The a d d i t i o n  o f  t a r  t o  t h e  b i t u m i n o u s  c o a l s  when t h e y  h a v e  b e e n  
doped  w i t h  10 w t  $ 
b u t t o n s  made o f  t h e s e  c o a l s  ( T a b l e  9 ) .  T a r  a d d i t i o n  to t h e  Utah  
s u b b i t u m i n o u s  c o a l  d o e s  n o t  have any  e f f e c t ,  w h i l e  t h e  same t a r  
a d d i t i o n  t o  F r a n c e s  c o a l  i n c r e a s e s  i t s  v e r y  l o w  s w e l l i n g  a c t i v i t y  
by a b o u t  10%. 

The a d d i t i o n  o f  e v e n  4% t a r  h a s  l i t t l e  e f f e c t  on t h e  Noble County 
c o a l  ( T a b l e  9 ) .  T h i s ,  c o u p l e d  w i t h  t h e  much l a r g e r  o b s e r v e d  e f f e c t  
of o p e r a t i n g  a t  g a s i f i e r  c o n d i t i o n s  d i s c u s s e d  a b o v e ,  sugges1.s  t h a t  
t h e  c o a l - d e r i v e d  t a r  c o n t e n t  o f  t h i s  c o a l  may be s i g n i f i c a n t l y  
h i g h e r  t h a n  t h a t  o f  t h c  o t h e r  c o a l s .  T h i s ,  however ,  is n o t  c o n f i r m e d  
by t h e  c o k e r  y i e l d  d a t a  t o  b e  d i s c u s s c d  l a t e r .  
such d i f f e r e n c e s  i n  t h e  y i c l d  s t r u c t u r e  would he  masked by r e a c t i o n s  
be tween  t h e  c o a l - d e r i v e d  t a r  and  added hydrogen  o r  e v e n  p y r o l y s i s -  
d e r i v e d  g a s e s .  
Could a l s o  e x p l a i n  t he  o b s e r v a t i o n  th3L t h i s  c o a l  h a s  Lhe h i g h e s t  
AS'TM G i e s e l e r  f l u i d i t y  01' any  c o a l  t e s t e a  ( T a b l e  1). 

The ef fec t  of hydrogen  p a r t i a l  p r e s s u r e  on the s w e l l i n g  of t h e  
tested,  doped  w i t h  10% g o b ,  i s  n e g l i g i b l e .  T h e r e  was l i t t l e  

d i f f e r e n c e  be tween  t h e  b u t t o n s  p roduced  i n  1005 N~ a t  350 psig and 
those The 
u s e  of a g a s  c o n t a i n i n g  18 V O ~  % H~ a l s o  d i d  n o t  a f f e c t  t h e  volumes 
of t h e  coke  b u t t o n s  of EPRI c o o l  c o n t a i n i n g  10% gob. effect of  

gob,  c o n s i d e r a b l y  i n c r e a s c s  t h e  volume of  c o k e  

I t  i s  p o s s i b l e  t h a t  

hlorc c o a l - d e r i v e d  t a r  from t h e  N o b l e  County c o a l  

4 .  

i n  3 1 . 5 %  H2-68.5$ N, a t  350 p s i g  t o t a l  p r e s s u r e .  
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t h e  t o t a l  pressure on t h e  s w e l l i n g  p r o p e r t i e s  was s t u d i e d  o n l y  w i t h  
EPRI c o a l  doped w i t h  10% gob. 
t h e  r e s u l t s  s u g g e s t  t h e r e  i s  l i t t l e  or no e f f e c t  o f  t h e  t o t a l  
p r e s s u r e  on t h e  s w e l l i n g  p r o p e r t i e s  o f  t h i s  c o a l .  

While  t h e  e f f ec t  o f  b o t h  hydrogcn p r c s s u r c  and  t o t a l  p r e s s u r e  on t h e  

P r e p u r i f i e d  n i t r o g e n  was used  and 

b u t t o n  Volume i s  s m a l l  t h e y  have  a marked e f f c c t  on t h e  s h a p e  o f  t h e  c o k e  
b u t t o n s .  Cok ing  a h i g h l y  c a k i n g  E a s t e r n  U . S .  c o a l  i n  t h e  p r e s s u r i z e d  FSI 
a p p a r a t u s  p r o d u c e s ,  a t  l o w  p r e s s u r e ,  a b u t t o n  w i t h  a smooth rounded  t o p  s u r f a c e .  
A t  p r e s s u r e s  above a b o u t  150 p s i g ,  however ,  o n e  o r  more a p p e n d a g e s  wh ich  resemble 
s t a l a g m i t e s  b e g i n  t o  a p p e a r  on t h c  t o p  s u r f a c e  of t h e  b u t t o n .  

T h i s  e f f e c t  i s  n o t  o b s e r v e d  when lower r a n k  c o a l s  a r e  p r o c e s s e d  i n  t h e  
d c v i c e .  F i g u r e  9 shows a c o m p a r i s o n  o f  t h e  c f f c c t  of p r c s s u r e  on t h e  s h a p e  o f  
t h e  b u t t o n s  p roduced  from a t y p i c a l  P i t t s h u r g h  No. 8 seam c o a l  w i t h  t h o s e  
p roduccd  from a less n c l . i v e ,  I l l i n o i s  B a s i n ,  c o a l .  

A p p a r e n t l y  t h c  p r e s s u r e  t e n d s  t o  p r c v e n t  t h e  who le  t o p  s u r f a c e  f rom 
r i s i n g  a s  seems t o  be t h e  c a s e  a t  a t m o s p h e r i c  p r e s s u r e ,  b u t  i n t e r n a l  p r e s s u r e s  
a r e  b u i l t  up  which a r e  e v e n t u a l l y  r e l e a s c d  t h r o u g h  t h e  o b s e r v e d  s t a l a g m i t e  
g rowth .  

A s  d i s c u s s e d  e a r l i c r ,  t h e r e  i s  e n c o u r a g i n g  e v i d e n c e  t h a t  more d a t a  on 
t h e s e  p r o p e r t i e s ,  t o  be o b t a i n e d  by r u n n i n g  more c o a l s  t h r o u g h  t h e  p rogram,  w i l l  
l e a d  t o  a p r e d i c t i v e  c o r r e l a t i o n  of t h e  s w e l l i n g  p r o p e r t i e s  b a s e d  upon p e t r o g r a p h i c  
p a r a m e t e r s .  

P r e s s u r i z e d  Coker  S t u d i e s  

Thc CCDC p r e s s u r i z e d  c o k e r  i s  a u s c f u l  t o o l  f o r  t e s t i n g  s e v e r a l  
p a r a m e t e r s  wh ich  a r e  a s s o c i a t e d  w i t h  coke  f o r m a t i o n  i n  t h e  u p p e r  p a r t  o f  a L u r g i  
g a s i f i e r .  E s p e c i a l l y  i m p o r t a n t  i n  t h i s  r e s p e c t  i s  t h e  f r i a b i l i t y  which may be a 
key t o  s u c c e s s f u l  s t i r rer  d e s i g n  i n  f u t u r e  p l a n t s .  T h i s  p r o p e r t y  i s  s t u d i e d  v i a  
t h e  m i n i  drum t u m b l e r  test  d e s c r i b e d  e a r l i e r .  O t h e r  c o k i n g  p r o p e r t i e s  wh ich  a r e  
s t u d i e d  a r e  t h e  e f f e c t  o f  w a s h i n g ,  i . e . ,  t h c  e f f e c t  o f  n o n - c o a l  i m p u r i t i e s ,  o n  
t h e  coke  formed u n d c r  p r e s s u r e  and t h e  e f f c c t  o f  r e c y c l e  t a r  a d d i t i o n  o n  c o k e  
f o r m a t i o n .  An u n d e r s t a n d i n g  of t h e s e  c f f e c t s  w i l l  be i m p o r t a n t  f o r  g a s i f i e r  and 
c o a l  p r c p a r a t i o n  f a c i l i t i e s  d e s i g n  r e q u i r e m e n t s .  

A l l  c o a l s  i n c l u d e d  i n  t h i s  program were s u b j e c t e d  t o  t e s t i n g  i n  t h e  
p r e s s u r i z c d  c o k e r  s y s t c m  t o  a s c e r t a i n  tlic c f f e c t s  o f  t h e  t o t a l  o p e r a t i n g  p r e s s u r e ,  
t h e  hydrogen p a r t i a l  p r c s s u r e ,  gob  a d d i t i o n  and t a r  a d d i t i o n  on  t h e  coke  s t r e n g t h  
and coke d e n s i t y .  P r o d u c t  y i e l d s  were d e t e r m i n e d  f o r  t h e  r u n s  made w i t h  c l e a n  
c o a l .  Also, c h e m i c a l  a n a l y s i s  o f  g a s e s ,  t a r s  and  c o k e s  were o b t a i n e d  f o r  t h e  
c l e a n  c o a l  r u n s  and t h e  e f f e c t s  o f  t h e  above  men t ioned  i n d e p e n d e n t  v a r i a b l e s  on 
t h e  methane,  c a r b o n  monoxide and hydrogen  c o n t e n t s  o f  t h e  p r o d u c t  gas was  
i live 5 t  i g a t e d .  

A p p a r a t u s :  

The p r e s s u r i z e d  c o k e r  i s  a 48” l o n g ,  2” d i a m e t e r ,  d o u b l e  x w a l l  p i p e  
m a d e  o f  A l o n i z e d  316 SS. The c o k e r  t u b e  i s  c a p a b l e  o f  b e i n g  r o t a t e d  a b o u t  a n  
a x i s  l o c a t e d  a t  the t u b e  c e n t e r  a s  Shown i n  F i g u r e  10. The o u t l e t  h a l f  of t h e  
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c o k e r  t u b e  i s  e l e c t r i c a l l y  h e a t e d  w i t h  G ,  5 2 0  w a t t ,  r e s i s t a n c e  h e a t e r s .  S k i n  
and  i n t e r n a l  t e m p e r a t u r c s  a r e  c o n t i n u o u s l y  m o n i t o r e d  and r e c o r d e d  on  a s t r i p  
c h a r t .  The, t a r  t r a p  i s  a smal l  w a t e r - c o o l e d  p r e s s u r e  v e s s e l .  A d i p  t u b e  
c o n n e c t e d  t o  t h e  d e t a c h a b l e  l i d  r e a c h e s  t o  t h e  bo t tom o f  a t e f l o n  b o t t l e  t i g h t l y  
f i t t e d  i n t o  t h e  t a r  t r a p  body .  G l a s s  Wool, p l a c e d  i n  t h e  a n n u l a r  s p a c e  between 
t h e  d i p  t u b e  and  t h e  b o t t l e  n e c k  a c t s  a s  a d e m i s t e r .  An o p e n i n g  i s  p r o v i d e d  i n  
t h e  t a r  t r a p  l i d  for  g a s  w i t h d r a w a l .  

A p r e s s u r e  c o n t r o l  v a l v e  i s  l o c a t e d  downs t r eam o f  t h e  t a r  t r a p  and i s  
o p e r a t e d  by a r e c o r d i n g  p r e s s u r e  c o n t r o l l e r  3nd a p r e s s u r e  t r a n s m i t t e r  which i s  
c o n n e c t e d  t o  t h e  g a s  i n l e t  p i p i n g  o f  t h e  c o k e r .  

A d r y  i c e  t e m p e r a t u r e  c o l d  t r a p  i s  l o c a t e d  downs t r eam o f  t h e  p r e s s u r e  
c o n t r o l  v a l v e .  G a s  s a m p l i n g  b a g s  and  g a s  meters are  p r o v i d e d  on t h e  t a i l  end o f  
t h e  sys t em.  

P r o c e d u r e  : 

A 1 0 0  gram sample  of s i z e d  c o a l  o r  o f  a c o a l  and g o b  m i x t u r e  i s  
i n s e r t e d  i n l o  t h e  c o o l  inlet .  s i d e  of t h e  c o k e r  w h i l e  t h e  body i s  k e p t  i n  t h e  
h o r i z o n t a l  p o s i t i o n .  When t a r  was  t o  b e  added t o  t h e  sample  a s o l u t i o n  o f  t h e  
d e s i r e d  w e i g h t  o f  t a r  i n  5 m l  o f  t o l u e n e  was p r e p a r e d .  The s o l i d s  were  immersed 
i n  t h i s  s o l u t i o n ,  t h e  t o l u e n e  was  e v a p o r a t e d  i n  a vacuum oven  a t  5OoC and t h e  
sample  was c h i l l e d  i n  a n  i c e  c h e s t  p r i o r  t o  l o a d i n g  i n t o  t h e  c o k e r .  

A f t e r  t h e  sample  was c h a r g e d  i n t o  t h e  c o k e r ,  t h e  i n l e t  f l a n g e  was 
a t t a c h e d  and t h e  whole s y s t e m  p u r g e d  w i t h  n i t r o g e n  a t  a t m o s p h e r i c  p r e s s u r e .  
Hea t -up  was begun and when t h c  c o k e r  t h e r m o w e l l  t e m p e r a t u r e  a p p r o a c h e d  1.300°F, 
t h e  n i t r o g e n  p u r g e  was s w i t c h e d  t o  t h e  d e s i r e d  g a s  m i x t u r e  and t h e  gas  f l o w  rate  
and o p e r a t i n g  p r e s s u r e s  were s e t  a s  s p e c i f i e d  f o r  t h e  d e s i r e d  r u n .  

When t h e  c o k e r  bed t e m p e r a t u r e  r e a c h e d  1472'F (800°C) a n  i n l e t  gas  
sample  was t a k e n  by  o p e n i n g  and c l o s i n g  p r e v i o u s l y  e v a c u a t e d  g a s  sample  bomb. A 
s p l i t  s t r e a m  o f  t h e  o f f  g a s  was d i v e r t e d  i n t o  a g a s  sample  bag  and t h e  c o k e r  
body was t i l t e d  i n t o  t h e  v e r t i c a l  p o s i t i o n .  The sample  d ropped  i n t o  t h e  h o t  
z o n e  o f  t h e  c o k e r  and t h e  c o k i n g  p r o c e s s  was begun .  T h i s  shock  h e a t i n g  u n d e r  
p r e s s u r c  a t t e m p t s  to s i m u l a t e  c o a l  f a l l i n g  i n t o  t h e  t o p  of a moving bed g a s i f i e r .  

The power was t u r n e d  o f f  a f t e r  15 m i n u t e s  r u n n i n g  time and t h e  o f f  g a s  
s a m p l e  was c o l l e c t e d  f o r  a t o t a l  o f  o n e  h o u r .  The sys t em was t h e n  d e p r e s s u r i z e d ,  
t h e  c o l d  t r a p  c l o s e d ,  and  t h e  c o k e r  was v e n t e d  and k e p t  u n d e r  a s m a l l  n i t r o g e n  
p u r g e  u n t i l  t h e  a p p a r a t u s  c o o l e d  down. The t a r  t r a p  was t h e n  d i s c o n n e c t e d  and  
t h e  t a r  removed, s e p a r a t e d  from t h e  w a t e r  p h a s e  and we ighed .  The c o k e  was 
removed and weighed a f t e r  t h e  c o k e r  i n t e r n a l  t e m p e r a t u r e  had d ropped  be low 200'F. 

R e s u l t s  and D i s c u s s i o n :  

A t o t a l  o f  t e n  d i f f e r e n t  t e s t s  were  d e v i s e d  t o  i n v e s t i g a t e  t h e  e f f e c t s  
o f  t h e  t o t a l  o p e r a t i n g  p r e s s u r e ,  t h e  h y d r o g e n  p a r t i a l  p r e s s u r e  and o f  t h e  sample  
c o m p o s i t i o n  o n  coke  s t r e n g t h ,  c o k e  d e n s i t y ,  c o k i n g  y i e l d s  and on t h e  c o m p o s i t i o n  
o f  t h e  p r o d u c t s .  T a b l e  9 i s  a l i s t  o f  t e s t  c o n d i t i o n s .  A l l  t h e  t e s t s  were made 
on c o a l  s i z e d  314" x 114" e x c e p t  tes t  10. 

a t m o s p h e r e s  o f  e i t h e r  100qb p r e p u r i f i e d  n i t r o g e n  or m i x t u r e s  o f  p r e p u r i f i e d  
n i t r o g e n  w i t h  hydrogen .  I t  s h o u l d  be men t ioned  t h a t  t h e  tes ts  i d e n t i f i e d  a s  
No. 2 and  No. 7 were d o n e  f o r  EFRI-Champion c o a l  o n l y .  

E x p e r i m e n t s  were p e r f o r m e d  i n  



A c o m p a r i s o n  o f  t h e  resu l t s  o b t a i n e d  from t e s t s  Nos. 3, 4 and  5 shows 
t h e  e f f e c t  o f  t o t a l  p r e s s u r e ,  name ly ,  a t m o s p h e r i c ,  215 p s i g  and 365 p s i g  on coke  
s t r e n g t h  and mercu ry  d e n s i t y  o f  t h e  coke .  S i m i l a r l y ,  a c o m p a r i s o n  o f  tes ts  
Nos. 2 ,  3 and 6 shows t h e  e f f e c t s  o f  0 ,  65 and 115  p s i a  hydrogen  p a r t i a l  p r e s s u r e  
( t h e  b a l a n c e  b e i n g  n i t r o g e n )  on  t h e  same v a r i a b l e s .  T e s t s  N o s .  1, 6 and 9 
compare t h e ' e f f e c t s  of g o b  a d d i t i o n  t o  t h e  c o a l ,  w i t h  t e s t  No. 1 i n v e s t i g a t i n g  
" c l e a n "  c o a l ,  No. 
gob .  Tests Nos. 7 and 8 s t u d y  t h e  e f f e c t  on t h e  a b o v e  men t ioned  p r o p e r t i e s  of  
a d d i n g  5 and 10 w t  $ t a r  t o  a c o a l  s ample  doped  w i t h  10% g o b .  T e s t  No. 10 was 
r u n  on a " c l e a n  c o a l "  s ample  s i z e d  1/4" x 1 2  mesh a t  365 p s i a  t o t a l  p r e s s u r e  and 
115 p s i a  of hydrogen  p a r t i a l  p r e s s u r e .  The f i n e r  s ize  o f  t h e  f e e d  c o a l  f o r  t h i s  
t es t  a l lowed  f o r  :i more homogeneous sample t h a n  w a s  p o s s i b l e  when 3/4" x 1/4" 
c o a l  Was used  wh ich ,  i n  t u r n ,  p e r m i t t e d  b e t t e r  d a t a  o n  y i e l d  and coke  c o m p o s i t i o n  
t o  b e  o b t a i n e d .  

6,  c o a l  doped w i t h  10% gob  and No. 9 ,  c o a l  doped w i t h  20% 

The i n h e r e n t  v a r i a b i l i t y  of t h e  c o a l  and p a r t i c u l a r l y  t h a t  o f  t h e  g o b  
s a m p l e s  used r e n d e r e d  any y i e l d  c a l c u l a t i o n s  b a s e d  o n  t h e s e  f e e d  m i x t u r e s  u s e l e s s .  
Hence ,  o n l y  t h o s e  r u n s  made w i t h  undoped c l e a n  c o a l  w c r e  u sed  for y i e l d  
d e  t e r m i  na t i o n s  . 

F i g u r e  11 i s  a p l o t  of t h e  e f f e c t  of  v a r i o u s  p a r a m e t e r s  on  t h e  coke  
s t r e n g t h .  T h e  p l o t t e d  d a t a  a r e  a v e r a g e s  of a l l  r u n s  m a d e  a t  e a c h  set of 
c o n d i t i o n s .  Thc f o l l o w i n g  c o n c l u s i o n s  may be d rawn  from t h i s  f i g u r e :  

1. The s t r e n g t h  o f  t h e  c o k e  made from t h e  l o w  f l u i d i t y  c o a l s  ( F r a n c e s  
and Upper  Hiawa tha )  and from t h e  medlum f l u i d i t y  c o a l s  ( R o s s i n g t o n  
and  B u r n i n g  S t a r )  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t o t a l  p r e s s u r e .  

The e f f e c t  o f  i n c r e a s i n g  p r e s s u r e  on t h e  s t r e n g t h  o f  c o k e  made 
from t h c  h i g h  f l u i d i t y  coa l s  (EPRI, W e s t l a n d  and Noble County)  i s  
n e g l i g i b l e .  

2 .  The e f f c c t  of hydrogen  p a r t i a l  p r e s s u r e  on  t h e  coke s t r e n g t h  i s  
smal l  and v a r i a b l e  ( F i g u r e  11). 

3.  The r e s u l t s  r e l a t e d  t o  t h e  e f f e c t  on t h e  c o k e  s t r e n g t h  o f  d o p i n g  
c l e a n  c o a l  w i t h  10% and 204 gob  a r e  i n c o n c l u s i v e .  The coke  s t r e n g t h  
d e c r e a s e s  or r e m a i n s  b a s i c a l l y  unchanged  i n  s ix  o f  s e v e n  c a s e s ,  t h e  
e x c c p t i o n  b e i n g  Lhe Burn ing  S t a r  c o a l .  

The a d d i t i o n  o f  10 w t  $ t a r  t o  c o a l  p r e v i o u s l y  doped  w i t h  10 w t  $ 
g o b  c a u s e d  a s l i g h t  i n c r e a s e  i n  t h e  s t r e n g t h  o f  t h e  c o k e  p roduced  
i n  most cases w i t h  t h e  e x c e p t i o n  of  the Upper Hiawa tha  and Burn ing  
S t a r  c o a l s ,  

4. 

F i g u r e  12  is a p l o t  o f  t h e  e f f e c t s  o f  p r e s s u r e ,  g a s  c o m p o s i t i o n  and 
gob and t a r  a d d i t i o n  on t h e  c o k e  d e n s i t y .  T h e s e  a r e  p a r t i c l e  d e n s i t i e s  a s  
d e t e r m i n e d  by mercu ry  d i s p l a c e m e n t  a t  one a t m o s p h e r e .  The d a t a  shown i n  t h i s  
f i g u r e  s u g g e s t  t h a t :  

1. The coke  d e n s i t y  r e m a i n s  t h e  same or d e c r e a s e s  v e r y  s l i g h t l y  when 
t h e  t o t a l  p r e s s u r e  i s  i n c r e a s e d  from a t m o s p h e r i c  t o  3 5 0  p s i g .  
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2.  'The d e n s i t y  01' t h e  c o k e  p roduced  I'roln t h c  s t u d i e d  c o a l s  d e p e n d s  
l i t t l e  on t h e  hydrogen  p a r t i a l  p r e s s u r e .  IiOWeVer, a s l i g h t  i n c r e a s e  
i n  d e n s i t y  w i t h  i n c r e a s e d  hydrogen  p r e s s u r e  i s  s e e n  f o r  t h e  h i g h  
f l u i d i t y  c o a l s .  

3 .  A s  cx1,ected i n c r e a s e d  g o b  c o n t e n t s  l e a d  t o  i n c r e a s e d  p a r t i c l e  
d e n s i  t i es .  

The a t i d i t i o n  o f  10 W C  % t a r  t o  low f l u i d i t y  c o a l s  d i d  n o t  h a v e  
any e f f e c t  on t h e  d e n s i t y  of Lhe c.oke. IloWeVCr, t h e  Same a d d i t i o n  
t o  medium f l u i d i t y  c o a l s  d o p e d  w i t h  10% g o b  c a u s e d  the c o k e  d e n s i t y  
t o  i n c r e a s e  s i g n i f i c a n t , l y .  A s l i g h t  i n c r e a s e  i s  o b s e r v e d  f o r  t w o  
of t h e  t h r e e  h i g h  f l u i d i t y  c o a l s  (EPI11 and Wes t l and)  w h i l e  a d e c r e a s e  
was found fo r  t h e  Nob lc  C o u n t y  c o a l .  

I n t e r e s t i n g l y ,   his r a t h e r  complex  p i c t u r e  of coke s t r e n g t h  and d e n s i t y  

4 .  

may, a s  a p p e a r s  t o  be t h e  c a s e  f o r  t h e  f l u i d i t y  and s w c l l i n g  d a t a ,  be 
e x p l a i n a b l e  i n  terms of a few p e t r o g r a p h i c  p a r a m e t e r s .  More d a t a  on d i f f e r e n t  
c o a l s  w i l l  show j u s t  how good a c o r r e l a t i o n  c a n  be o b t a i n e d .  

Y i e l d  d a t a  were c o l l e c t e d  f o r  c a c h  0 1  t h e  o v e r  100 c o k e r  r u n s  i n  t h i s  
p rogram,  l lowever,  a s  ment ioned  e a r l i e r  t h c  m a j o r i t y  01 t h e s e  d a t a  arc o f  l i t t l e  
v a l u e .  Only t h e  d a t a  o b t a i n e d  w i t h  c l e a n  c o a l  s a m p l e s  g i v e  u s e f u l  y i e l d  d a t a .  
A summary o f  t h e  y i e l d  d a t a  l rom t h e  r u n s  made a t  s i m u l a t e d  g a s i f i e r  c o n d i t i o n s  
( i . e . ,  
c o a l  i s  g ~ v e n  i n  T a b l e  10. T h e s e  d a t a  a r c  b a s e d  o n  t h e  a v e r a g e  measu red  c o k e ,  
t a l -  and l i q u i d  y i e l d s  f o r  a l l  r u n s  a t  t h c s e  C O I l d i ~ i o n S  for e a c h  coal  (On a 
m o i s t u r e  and a s h  free b a s i s ) ,  w i t h  t h e  g a s  y i e l d  c a l c u l a t e d  by d i f f e r e n c e .  

365 p s i a  t o t a l  p r e s s u r e  and 115 p s i a  hydrogen  pressure) on 1/4" x 1 2  mesh 

I n  a l l  eases t h e  coke  y i e l d  a t  s i m u l a t e d  g a s i f i e r  c . o n d i t i o n s  of 365 
p s i a  t o t a l  p r e s s u r e  and 1 1 5  p s i a  h y d r o g e n  p a r t i a l  p r e s s u r e  i s  g r e a t e r  t h a n  t h e  
f i x e d  c a r b o n  c o n t e n t  d e t e r m i n e d  f o r  e a c h  c o a l  a t  1 a tm ( T a b l e  1). T h i s  i s  no t  
s u r p r i s i n g  s i n c e  a t  e l e v a t e d  p r e s s u r e  t h e  re lease of v o l a t i l e  componen t s  i s  
r e t a r d e d .  ( 1 3 2 9 3 )  The s l o w i n g  o f  v o l a t i l e  r e l e a s e  a l l o w s  more o f  t h i s  m a t e r i a l  
t o  be c o n v e r t e d  1.0 colic a t  t h e  e x p e n s e  o f  l i q u i d  a n d / o r  g a s  y i e l d .  

The y i e l d  d a t a  l o r  F r a n c e s  c o a l ,  'Table 1 1 ,  where o n l y  c l e a n  c o a l  was 

Here t h e  c o k e  
u s e d ,  shows t h a t  b o t h  coke  and g a s  y i e l d s  a r e  i n c r e a s e d  at the  e x p e n s e  of t h e  
l i q u i d  y i e l d  i n  g o i n g  from 1 a tm N 2  p r e s s u r e  t o  365 p s i a  o f  N Z .  
y i e l d  i n c r e a s e s  f rom - GS$ t o  - 67.5% a n d  t h e  g a s  y i e l d  i n c r e a s e s  from - 25% t o  
29yo w h i l e  t h e  l i q u i d  y i e l d  d e c r e a s e s  f rom - 10% t o  - 4%. 
e v o l u t i o n  r e p r e s s i o n  c a n  a c c o u n t  f o r  b o t h  t h e  i n c r e a s e d  c o k e  atid gas y i e l d s .  I f  
t h e  l i q u i d  i s  h e l d  i n  the coa l  m a t r i x  some of  i t  i s  coked and some i s  f u r t h e r  
c o n v e r t e d  t o  g a s  by t h e  l o n g e r  r e s i d e n c e  t i m e  a t  e l e v a t e d  t e m p e r a t u r e s  t h u s  
r cd t r c ing  t h c  o v e r n l l  l i q u i d  y i c l d  and i n c r e a s i n g  1.hc c o k c  and g a s  y i e l d s .  A 1  
e l e v a t e d  hydrogen p r e s s u r e s  (115 p s i a  a n d  365 p s i a  t o t a l  p r e s s u r e )  the  coke  
y i e l d  i s  a b o u t  t h e  same a s  when 365  p s i a  of n i t r o g e n  i s  u s e d ,  however ,  t h e  
l i q u i d  y i e l d  i s  g r e a t l y  enhanced  a t  t h e  e x p e n s e  of  t h e  g a s  y i e l d .  Undoub ted ly  
r e a c t . i o n  between t h e  added hydrogen  and t h e  c o a l  a r e  r e s p o n s i b l e  f o r  t h e  h i g h e r  
l i q u i d  y i e l d .  

P o s s i b l y  l i q u i d  

F i g u r e  13 shows a c o m p a r i s o n  o f  p r o d u c e d  gas  c o m p o s i t i o n  w i t h  r e s p e c t  
t o  C H 4 ,  co and & a t  v a r i o u s  c o n d i t i o n s .  
w i t h  c o a l  doped w i t h  gob t h e  r e s u l t s  may n o t  b c  a s  1.eliable a s  i f  o n l y  c l e a n  c o a l  

S i n c e  most o f  t h e s e  d a t a  were o b t a i n e d  
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was u s e d ,  however ,  g e n e r a l  t r e n d s  a r e  n o t  e x p e c t e d  t o  d i f f e r  f rom t h o s e  o b s e r v e d  
h e r e .  
case w i t h  no added hydrogen  w h i l e  t h e  hydrogen  c o n t e n t  of t h e  p r o d u c t  i s  
c o n s i d e r a b l y  l o w e r .  

The methane c o n t e n t  of t h e  p r o d u c t  g a s  i s  SO-lOO% h i g h e r  t h a n  f o r  t h e  

Q u a l i t a t i v e l y  t h i s  s u g g e s t s  t h a t  hydrogen  e v o l v e d  irom t h e  c o a l  e s c a p e s  
b e f o r e  i t  h a s  t i m e  t o  r e a c t  f u r t h e r  wit .h 1.hc r e m a i n i n g  c o a l  m a t r i x .  The CO 
c o n t e n t  of t h e  product  a p p e a r s  v i r t u a l l y  unaCf‘ected by p r e s s u r e  and the  a d d i t i o n  
01 g o b  a n d / o r  t a r  h a s  l i t t l e  or n o  c f f e c t  011 t h e  g a s  c o m p o s i t i o n .  

CONCLUSIONS 

Thc e x p e r i m e n t a l  d a t a  p r e s e n t e d  h e r e i n  s h o u l d  p r o v i d e  a s t a r t  011 t h e  
r e q u i r e d  d a t a  b a s e  which w i l l  u l t i m a t e l y  p e r m i t  t h e  p r e d i c t i o n  o f  t h e  c o k i n g  
p r o p e r t i e s  of c o a l s  b e i n g  c o n s i d e r e d  a s  p o t e n t i a l  g a s i f i e r  f e e d s t o c k s .  The 
l i m i t e d  d a t a  o b t a i n e d  p e r t a i n i n g  t o  p y r o l y s i s  y i e l d s  and g a s  c o m p o s i t i o n  a r e  
e n c o u r a g i n g  and s u g g e s t   hat a c c u r a t e  gas  y i e l d  p r e d i c t i o n s  may a l s o  he p o s s i b l e  
a t  t h e  c o n c l u s i o n  of    his p rogram.  The c f f c c t s  o r  p r o c e s s  v a r i a b l e s  on  c o a l  
s w e l l i n g  and f l u i d i t y  h a s  been  f a i r l y  w e l l  e s t a b l i s h e d ,  b u t  more work i s  needed  
t o  g e t  p r e d i c t i v e  m a t h e m a t i c a l  c o r r e l a t i o n s  of t h e s e  a s  well a s  c o k i n g  and 
p y r o l y s i s  p r o p e r t i e s  o r  C o a l s .  
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T a b l e  1 
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3 . 5  
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T a b l e  8 
L_ 

Effect os FaeO Compo.lrl"" 
on the Swelling 01 D i f l e r c n i  Coals 
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F i g u r e  I 
Sample Preparation Scheme 
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F i g u r e  2 
EFFECT OF HEATING RATE CN THE FLUIDITY OF 
PITTSBURGH NO 8 ANU OHIO NO 9 SEA:.! COALS 
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Figure 3 
EFFECT OF HEATING RATE ONTHE FLUIDITY OF 
BURNING STAR AND ROSSINGTON COALS 
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Figure 4 
EFFECT OF GAS COMPOSITION ON THE FLUIDITY OF 
VARIOUS COALS 
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Figure 5 
E F F E C T  OF GOB A D O I T I O N  ON THE FLUIDITY OF 
VARICUS C O A L S  
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Figure 6 
EFFECT OF T A R  ADDITION ON THE FLUIDITY OF 
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Figure 7 
Pressurized Swelling Index Apparatus' 

Figure 8 
EFFECT OF SAMPLE COMPOSITION ON THE SWELLING 

OF VARIOUS COALS 

4 0  

3 0- 

2.0 -. 

L O T  

TI0 

t EPRI-CHAYPION 

0 WESTLANO 

0 NOBLE CO. 

BURNING STLR 

* FRANCES 

ROSSINGTON 

A UPPER HIPWATHA 

T =  1500t 5.F 

Plot = 365 P i l o  

PHI : 115 Ria 



Flnure 9 

SWELLl t lG PROPERTIES OF PITTSBURGH NO. 8 8 I L L l l O l S  NO, t COPLS 
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Figure 1 1  

HYDROGEN PRESSURE ON THE COKE STRENGTH 
EFFECT OF SAMPLE COMPOSITION, TOTAL PRESSURE AND 
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Fi ure 12 
EFFECT OF SAMPLE CdMPOSITION, TOTAL PRESSURE AND 
HYDROGEN PRESSURE ON COKE DENSITY 
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Fi  ure 13 
EFFECT OF TOTAL PRESSQRE, HYDROGEN PRESSURE AND 
SAMPLE COMPOSITION ON Hz, CO AND CH, CONTENT IN 
PRODUCT GAS 
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